IN THE UNITED STATES PATENT OFFICE 
-A FLOW MEASURING DEVICE-- 

BACKGROUND OF THE INVENTION. 
[0001] The invention relates to a flow measuring device 
comprising a housing in which a principal flow duct 
extends in which a pressure drop producing means producing 
a pressure drop in the medium flowing through is located 
and on whose duct wall the tapping openings of a plurality 
of tapping ducts connected with a flow ascertaining means 
arranged in or on the housing, are provided. 

THE PRIOR ART. 
[0002] A flow measuring device disclosed in the German 
patent publication (utility model) 20,208,716 comprises a 
tubular housing, in which a principal flow duct is formed 
in the course of which there is a laminar flow element, 
which comprises a plurality of. capillary ducts causing a 
pressure drop in fluid flowing through them. Two tapping 
ducts opening at a distance apart from each other upstream 
from and downstream from the laminar flow element are 
connected with a flow ascertaining means mounted on the 
housing and define a gage duct, in which owing to a 
pressure differential a bypass current is caused, whose 
flow may be ascertained using a mass flow sensor means as 
part of the flow ascertaining means. On the basis of the 
data or readings the rate in the principal flow duct may 
be determined. 

[0003] In the case of a flow measuring device described 
in the German patent publication (utility model) 
20,100,874 as well the flow rate is determined in a 
principal flow duct formed directly in a housing. To form 
the pressure drop producing means the principal flow duct 
however in this case is designed with a flow cross section 
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decreasing in the flow direction of the pressure medium so 
that there is a geometry in the form of a conically 
tapering nozzle. To ascertain the flow rate the pressure 
differential between duct region with different flow cross 
sections is measured to serve as a measure for the flow 
speed. It is in this manner that the flow measurement is 
based on pressure measurement. 

[0004] All known designs share the common feature that in 
accordance with the measurement requirements of the user 
specifically customized flow measuring devices must be 
provided. If for example the flow rates to be measured 
vary, flow measuring devices are utilized having suitably 
different measure ranges. The costs involved here are 
relatively high. 

SHORT SUMMARY OF THE INVENTION 

[0005] One object of the present invention is to suggest 
measures with which adaptation to different measurement 
eventualities may be taken into account with reduced 
complexity. 

[0006] In order to achieve these and/or other objects 
appearing from the present specification, claims and 
drawings, in the present invention the principal flow 
duct, including the pressure drop producing means and the 
tapping openings, is a component of a sleeve-like duct 
insert inserted into a socket in the housing coaxially, 
the tapping ducts being composed of housing duct sections 
extending in the housing and opening at the inner face of 
the socket and of duct sections which extend in the wall 
of the duct insert and open at the outer face of the duct 
insert, the inner face of the socket and the outer face of 
the duct insert being designed as interfaces ensuring a 
correctly associated fluid link between the duct sections 
in the housing and in the insert. 

[0007] It is in this manner that different measuring 
needs of the user may be taken into account, because 
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selectively a duct insert which has the desired 
specification may be fitted in the housing of the flow 
measuring device. The housing itself and frequently the 
flow ascertaining means and the flow ascertaining means as 
well may as a rule be kept irrespectively of the actually 
employed duct insert so that a substantial economy in 
costs may be expected. The tapping ducts extending 
between the principal flow duct and the flow ascertaining 
means are divided into housing and insert duct sections, 
and by having suitably designed interfaces on the mutually 
facing inner and outer faces of the socket and of the duct 
insert a coordinated fluid linking is ensured 
irrespectively of the actually employed duct insert. The 
design, separate from that of the housing, of the duct 
insert also facilitates the manufacture of the frequently 
complex features needed for the production of the desired 
pressure drop. 

[0008] Further advantageous developments of the invention 
are defined in the claims. 

[0009] It is more particularly convenient to design the 
duct insert in the form of an inserted part, which is able 
to be fitted by a simple axial plugging operation into the 
socket of the housing. For locking it in place detent 
means are more especially suitable which may be handled 
without a tool and in the case of need may be released 
again. 

[0010] To the extent it is necessary owing to the 
design of the interfaces, suitable positioning means may 
be provided on the housing and on the duct insert, which 
set a certain angular position of the duct insert in 
relation to the socket of the housing and accordingly 
favor installation without any danger of confusion. 
[0011] A high degree of accuracy combined with a 
relatively low dependency on the type of flow impact owing 
to the pressure medium may be obtained if the respective 



tapping duct opens into the principal flow duct at a 
plurality of tapping openings distributed about the 
periphery of the duct, such tapping openings communicating 
jointly with an annular groove formed at the outer 
periphery of the duct insert. The pressure signals 
produced are accordingly averaged so that irregularities 
in the flow conductance in the tapping cross sections, 
which result from the type and direction of the impacting 
flow, are minimized. 

[0012] A particularly advantageous further development 
of the invention contemplates one the same duct insert 
being able to be selectively inserted into one of two 
mutually opposite longitudinal directions in the socket in 
order to render possible flow measurement in either of the 
two flow directions of the pressure medium without 
undertaking any other modifications of the flow measuring 
device. Since the housing of the flow measuring device as 
a rule is dependent on particular orientations during 
operation - for example owing to adjustment and/or display 
means being arranged on one particular side - so far in 
the prior art for flow measurement in the case of 
oppositely directed flows an overall replacement of the 
flow measuring device has been necessary. Now it is 
sufficient to turn around the duct insert and with an 
orientation changed by 180° to install it in the socket in 
the housing . 

[0013] Further advantageous developments and convenient 
forms of the invention will be understood from the 
following detailed descriptive disclosure of embodiments 
thereof in conjunction with the accompanying drawings. 

LIST OF THE SEVERAL VIEWS OF THE FIGURES. 
[0014] Figure 1 shows a first possible design of the 
flow measuring device in a simplified longitudinal 
section. 

[0015] Figure 2 shows, in a separate semi -cross 
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section, the duct insert employed in the flow measuring 
device of figure 1. 

[0016] Figure 3 shows the flow measuring device of 
figure 1, the duct insert being installed with a 
longitudinal orientation opposite to that of figure 1. 

[0017] Figure 4 shows a further possible design of the 
flow measuring device in a perspective, exploded 
representation, one and the same duct insert being 
illustrated twice in order to indicate the possibilities 
of installation from two opposite sides. 

[0018] Figure 5 shows the assembled flow measuring 
device of figure 4 in longitudinal section. 

[0019] Figure 6 shows the arrangement of figure 5 in a 
plan view looking in the direction of the arrow VI prior 
to insertion of the duct insert and with the flow 
ascertaining means removed. 

DETAILED ACCOUNT OF WORKING EMBODIMENTS OF THE 
INVENTION. 

[0020] The flow measuring devices generally referenced 
1 each possess a housing 2, which may be more particularly 
designed like a block and have a preferably circularly 
cylindrical socket 3 extending through it. In the socket 
3 a sleeve-like component is inserted which is termed a 
duct insert and whose external geometry is complementary 
to the socket 3 . This component defines a principal flow 
duct 6 extending through the housing 2 in one longitudinal 
direction 5. 

[0021] The principal flow duct 6 possesses an inlet 7 
at one end and an outlet 8 at the other end. At the inlet 
7 a pressure medium may be supplied to the principal flow 
duct 6, which after flowing through the principal flow 
duct 6 emerges again at the outlet 8. The flow direction 
through the principal flow duct 6 is indicated by an arrow 
at 12. 

[0022] In the case of the ..working example of figures 1 
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through 3 the housing carries two connection bodies 13 on 
it in an extension of the duct insert 4 at either end, 
such bodies rendering possible the connection of fluid 
lines (not illustrated) for the supply and exit of the 
pressure medium. The pressure medium may be hydraulic or 
gaseous. In the working embodiment compressed air is 
employed . 

[0023] In the working embodiment of figures 4 through 6 
there are no separate connection bodies 13 . Here the 
provision is such that compressed air conditioning devices 
are mounted as an extension at either end of the duct 
insert 4, through which the supply and exit of the 
pressure medium takes place. These devices, generally 
termed servicing devices, serve for example for regulation 
of pressure or for filtration of the compressed air. 
[0024] Thus it will be clear that the flow measuring 

device may be designed both as an independent and self- 
contained device or as a component of any appropriate 
fluid power instrumentality, as for instance a servicing 
device for conditioning compressed air, within which it is 
utilized for flow measuring. 

[0025] At the periphery of the socket 3 the housing 2 
is provided with a recess 15, in which a flow ascertaining 
means 14 is inserted. Thus the flow ascertaining means 14 
is completely sunk into the housing 2. As an alternative 
the flow ascertaining means 14 could be also externally 
mounted on the housing 2. 

[0026] In the interior of the principal flow duct 6 
there are pressure drop producing means 16. There are 
responsible for a pressure drop in the pressure medium 
flowing through them so that upstream from the pressure 
drop producing means 16 there is a higher static pressure 
than downstream from same. 

[0027] The pressure drop producing means 16 could for 
example be 
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[0028] constituted by a so-called laminar flow element. 
In the embodiment they are defined by reduction in the 
cross section of the principal flow duct 6 in the flow 
direction 12. This duct section is in the following 
termed a nozzle section 17. It may have the form of a 
venturi nozzle. 

[0029] At the nozzle section 17 a plurality of tapping 
ducts 18 open at tapping openings spaced apart in the 
longitudinal direction of the duct insert 4. The ducts 18 
respectively extend through the wall 21 of the duct insert 
4 and the housing 2 # and lead to the flow ascertaining 
means 14 and thus connect it with the tapping openings 22. 
[0030] The tapping ducts 18 are consequently composed 
partly of duct sections 23 in the insert and partly ofa 
duct sections 24 in the housing, the duct sections 23 in 
the insert extending between the tapping openings 22 and 
first connection openings 25 provided on the outer face of 
the duct insert 4 and the duct sections 24 in the housing 
extend between second connection openings 26 (opening at 
the inner face of the socket 3) and third connection 
openings 27 connected with the flow ascertaining means 14. 

In the working embodiments the third connection openings 
27 are at the floor of the recess 15 receiving the flow 
ascertaining means 14 . 

[0031] The principal flow duct 6 is accordingly in both 
the working examples, including the pressure drop 
producing means 16, and the tapping openings 22, a 
component of the duct insert 4 coaxially inserted into the 
socket 3 , the peripheral outer face of the duct insert 4 
and the facing inner face of the socket 3 functioning, by 
virtue of a suitable distribution of the first and second 
connection openings 25 and 26 as interfaces, which are 
responsible for correctly coordinated fluid linking 
between the duct sections 23 in the insert and the duct 
sections 24 in the housing. 
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[0032] Therefore there is the possibility, in the case 
of the requirements of actual measurements being 
performed, of inserting alternative different duct inserts 
4 in one and the same socket 3, such inserts more 
particularly differing as regards the design of the 
pressure drop producing means, a suitable design of the 
interface provided on the duct insert 4 allowing at any 
time for a linking with the unchanged interface of the 
housing 2 in such a manner that flow ascertainment may be 
performed without replacement of the flow ascertaining 
means 14 . 

[0033] In the two working examples the duct insert 4 is 
designed in the form of an inserted part. At the rear end 
section it comprises a peripheral, radially projecting 
abutment collar 28 and during assembly is inserted from 
one end of the socket 3 so far in the socket 3 that such 
abutment collar 28 strikes against a step 29 of the 
housing. By virtue of such abutment means 2 8 and 29, 
which may be also designed in some other form, the depth 
of insertion of the duct insert 4 may be exactly set in 
relation to the socket 3 so that the interfaces formed by 
the first and second connection openings 25 and 26 exactly 
match each other. 

[0034] The axial location of the inserted duct insert 4 
in relation to the housing 2 is in the working example of 
figures 1 through 3, ensured by the connection bodies 13 
mounted on the housing 2 with a partial radial overlap of 
the end face of the duct insert 4. If the connection body 
13 mounted at the abutment collar 28 is taken off, the 
duct insert 4 may be readily removed from the socket 3 and 
for example replaced by a duct insert 4 having a different 
specification . 

[0035] In order to individualize different duct inserts 

and to make them readily identifiable to prevent confusion 
the physically different duct inserts 4 may have colored 
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markings or other insignia. 

[0036] This applies moreover also for the duct insert 4 
in accordance with figures 4 through 6, which differs from 
the above mentioned design inter alia because it may be 
secured in the socket 3 using detent means allowing it to 
be removed. 

[0037] Preferably the duct insert 4 is longitudinally 
slotted at its front end section more than once so that 
there is a plurality of radially elastic detent arms 32 
distributed about the periphery, which in the inserted 
condition of the duct insert 4 hook around a preferably 
annular housing step 33. The detent or catch arms 32 are 
in this case biased into the detent or holding position 
and may be temporarily bent radially inward for the 
removal of the duct insert 4 . 

[0038] A further design of the detent means 32 and 33 
for removable location of the duct insert 4 would also be 
possible. 

[0039] In the case of the duct insert 4 in accordance 
with figures 1 through 3 the first connection openings 25 
are constituted by annular grooves 34 spaced apart in the 
longitudinal direction, which are provided in the outer 
periphery of the duct insert 4 and extend concentrically 
about it. This design offers the advantage that the duct 
insert 4 may be inserted at any desired angular position 
into the socket 3. The connection with the associated, 
aligned second connection opening 26 is ensured at any 
time. 

[0040] Particularly in the case of such a design there 
is also the advantageous possibility indicated in figure 2 
of providing one and the same tapping duct simultaneously 
with a plurality of tapping openings 22, which are 
constituted by the duct sections 35, which are distributed 
about the principal flow duct 6 and respectively at one 
end open into the principal flow duct 6 and at the other 
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open into the associated annular groove 34. The tapped 
pressure signals are accordingly averaged and hence 
measurement inaccuracies are reduced. Associated with 
this there is a stabilization of the signal, something 
which simplifies the employment of the flow measuring 
device and extends the range of application. 
[0041] In the working embodiment illustrated in figures 
4 through 6 a particular angular position of the duct 
insert 4 is required in the socket 3 . Accordingly first 
and second positioning means 36 and 3 7 are provided on the 
housing 2 and on the duct insert 4, such positioning means 
allowing full insertion of the duct insert 4 only in the 
case of a particular angular position and accordingly the 
desired angular position of the duct insert 4 is set 
thereby in relation to the housing 2 and, respectively, 
the socket 3 . In the working embodiment the second 
positioning means 37 are constituted by a spur formed on 
the outer periphery of the abutment collar 28, which can 
lock into a recess 15, defining the first positioning 
means 36, in the housing. 

[0042] In the working embodiment illustrated in figures 
1 through 3 the flow ascertaining means 14 possesses a 
mass flow sensor means (not illustrated) functioning on 
the calorimetric principle. This means is arranged at 
some point along a bypass duct 38, which connects two 
tapping ducts 18 with one another and allows bypassing of 
the pressure drop producing means 16 by the pressure 
medium flow, while itself producing a precisely set 
pressure drop. The mass flow sensor means finds or 
ascertains the mass flow through the bypass duct, which 
has a relatively small diameter in comparison with the 
principal flow duct, such mass flow being correlated in an 
evaluating means of the flow ascertaining means 14 with 
the flow in the principal flow duct 6. 

[0043] In the working embodiment illustrated in figures 
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4 through 6 a flow ascertaining means 14 is utilized, 
which operates on the basis of the so-called effective 
pressure principle. In this case by way of at least two 
tapping ducts 18 the static pressure obtaining at the 
tapping openings 22 is tapped in order to find the 
differential pressure in a differential pressure sensor 
means of the flow ascertaining means. By the intermediary 
of further condition data such as absolute pressure, 
temperature and humidity, which may also be tapped by way 
of the tapping ducts 18 and the principal flow duct 6, the 
instantaneous flow is computed. 

[0044] While in the case of the working example of 

figures 1 through 3 only two tapping ducts 18 are present, 
the duct insert 4 of figures 4 through 6 possesses three 
tapping ducts 18, something which more particularly 
furthermore permits intermediate tapping in the case of 
the measurement range being exceeded, as is described by 
way of example in the said German patent publication 

(utility model) 20,100,874. 

[0045] A further particular advantage of both working 
examples is that one and the same duct insert 4 may be 
selectively inserted into the socket 3 in one of two 
mutually opposite longitudinal directions in order to 
render possible flow measurement in either flow direction 
of the pressure medium. 

[0046] In this respect two sections 23 of the tapping 

ducts 18 in the insert extend in the wall 21 of the duct 
insert 4 in the working embodiment of figures 1 through 3, 
and such sections open at axially spaced points into the 
principal flow duct 6 and communicate respectively with 
one of the two above mentioned annular grooves 34 at the 
outer periphery of the duct insert 4 . On the other hand 
three sections 4 of the tapping ducts 17 extend in the 
wall of the housing 2, to communicate on the one hand with 
a flow ascertaining means 14 and on the other hand to open 
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at axially spaced point peripherally in the socket 3. By 
suitable positioning of the first connection openings 25 
formed by the annular grooves 34 and of the second 
connection openings 2 6 belonging to the duct sections 24 
in the housing it is possible to ensure that a first (23a) 
section of the duct sections 23 in the insert may 
communicate with a first (24a) duct section in the housing 
independently of the longitudinal alignment of the duct 
insert 4, whereas the second duct section 23b in the 
housing communicates, dependent on the longitudinal 
alignment of the duct insert 4, with the second duct 
section 24b (figure 1) in the housing or with the third 
duct section 24b (figure 3) in the housing. 
[0047] Irrespectively of the longitudinal orientation 
of the duct insert 4a bypass flow take place in the 
desired direction in order to obtain an exact result of 
measurement . 

[0048] In order to prevent incorrect flow of pressure 
medium at the two interfaces, that is to say between the 
outer periphery of the duct insert 4 and the inner 
periphery of the socket 3, the two annular grooves 34 are 
respectively flanked by a seal ring 42 axially on either 
side concentrically surrounding the duct insert 4. The 
seal rings 42 are preferably also seated in annular 
grooves cut into the outer periphery of the duct insert 4 . 
[0049] Since both and also the third duct section 24b 
and 24c in the housing open into the bypass duct 3 8 it is 
necessary to prevent pressure medium leaving the duct 
section which is not active at a given time. Accordingly 
in that portion of the outer periphery of the duct insert 
4, which - dependent on the insertion direction - is 
opposite the second connection opening 2 6 of the second or 
third connection opening 26 in the housing, there is a 
peripherally extending sealing zone 43, which like the 
annular grooves 34 is flanked on either side of the 
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annular sealing means 44. The pressure medium is 
accordingly retained in the sealing zone 43 and is 
prevented from flowing out. 

[0050] In the working embodiment illustrated in figures 
4 through 6 in all there are five tapping ducts 18. Their 
tapping openings 22 lying in the principal flow duct 6 are 
in indicated in parentheses in figure 6 in order to make 
clear that they lie in a plane other than the plane 
illustrated. Each of these tapping openings 22 
communicates by way of the associated duct section 23 in 
the insert by way of the associated duct section 23 
simultaneously with two first connection openings 25 
provided on the outer periphery of the duct insert 4 , the 
respective pairs of first connection openings 25 being 
connected together by a groove-like connection duct 45 
formed on the outer periphery of the duct insert 4 . 
[0051] In the working embodiment a respective first 
connection opening 25 is radially opposite the associated 
tapping opening 22, the connection of the respectively 
other first connection opening 25 taking place from this 
position by way of a groove-like connection duct 45. 
[0052] The two first connection openings 25 associated 
with a respective tapping opening 22 are now so 
distributed about the outer periphery of the duct insert 4 
that one and the same duct section 24 in the housing 
communicates (in accordance with the instantaneous 
longitudinal orientation of the duct insert 4) either by 
way of the one or the other first connection opening 2 5 
with the associated tapping opening 22. 

[0053] As shown in figures 4 and 6 the individual pairs 
of first connection openings 25 may be readily connected 
together using complexly designed groove- like connection 
ducts 45, because such connection ducts 45 are located on 
the outer periphery of the duct insert 4 and accordingly 
an economic shaping during manufacture by injection 
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molding is possible preferably using a plastic material 
for the duct insert 4 . 

[0054] For mutual sealing of the connect ducts 45 from 
each other each connection duct 45 has a seal 46 
surrounding it around the full periphery, such seal being 
formed on the' outer periphery of the duct insert 4 for a 
permanent sealing action. 

[0055] The installation of the duct insert 4 takes 
place in a longitudinal orientation turned through 180° 
and is preferably performed by insertion of the duct 
insert 4 selectively through the one or through the other 
end opening in the socket 3 into the same. 



14 



